Introduction
Despite a decline in its incidence, gastric cancer remains a major cause of death in Japan and worldwide [1] . It is estimated that there were over 1 million new cases diagnosed yearly worldwide [2] , accounting for nearly 10% of all new cancers. Advanced gastric cancer is classified into four Borrmann types, 1 to 4, with a supposedly increasing degree of malignancy [3] . About 10% of gastric cancers are of Borrmann type 4, which is a relatively undifferentiated carcinoma with little or no glandforming capability. Despite recent advances in the diagnosis and medical treatment of gastric cancer, most tumors of type 4 are not detected at an early stage and the prognosis remains poor. The 5-year survival rate after gastric resection ranges from 0 to 17% for type 4, compared with 35%-70% percent for other types of carcinomas [1, 4, 5] .
A high incidence of gastric cancer in close relatives of affected individuals [6] [7] [8] [9] [10] [11] has suggested that genetic factors as well as environmental factors are important for the pathogenesis of gastric cancer. However, the relative contributions of genetic and environmental factors are poorly understood [12, 13] , and whether more severe gastric cancers such as type 4 carcinomas are more heritable than milder types is not yet reported.
On the other hand, although married couples usually have different genetic backgrounds, they share home environments and lifestyle for years, with a possible mutual effect on dietary habits, smoking, alcohol intake, and sexual practice. Several studies have observed concordances in precancerous gastric lesions or gastric cancer in married couples [14] [15] [16] . Correspondence in the occurrence of cancers in spouses may give us information on the magnitude of the influence of environmental factors.
Although the relative contributions of genetic and nongenetic factors to type 4 carcinoma are of great concern among physicians, there is no previous report on this issue available. To our knowledge, this is the first study that has aimed to clarify environmental factors and heritable factors contributing to type 4 gastric cancer by examining the family history of first-degree relatives who share 50% of the gene and home environment with the affected individuals (probands) and the history of spouses, who share the home environment only with the probands.
Subjects and methods

Probands
The probands were patients with histologically confirmed gastric cancers who were admitted to the National Cancer Center Hospital of Japan during the years from 1995 to 1997. The nurses in charge interviewed them in detail to make a medical record when they were admitted to the hospital. Past histories of cancer in relatives up to the third-degree and in spouses were necessarily included. Surgical and endoscopic or pathological reports on the type of gastric cancer or on its histological pattern were also included in the medical records. The records for all patients were reviewed by one of the authors.
Histological type was determined by the predominant malignant cell types according to the Japanese classification of gastric carcinoma [17] . Intestinal-or diffuse-type of cancer was classified by using the criteria of Lauren [18] . The macroscopic type of Borrmann type 4 carcinoma is defined as diffusely infiltrated carcinoma in which ulceration is usually not a marked feature [17] .
Among a total of 1126 consecutive patients, 5 foreigners and 2 patients with incomplete information on family history were excluded. We further excluded a patient with a family history that met the Amsterdam criteria of hereditary nonpolyposis colorectal cancer. Finally, 1118 probands remained in the analysis. In order to minimize information bias, we limited the past history of cancer to first-degree relatives and spouses only, as their histories were likely to have been reported with greater accuracy compared with those of more distant relatives [19, 20] .
Statistical analysis
Logistic regression analysis was used to obtain odds ratios for type 4 gastric cancer in relation to family history and spousal history of cancer; 95% confidence intervals were calculated by using standard errors of the logistic regression coefficients. Because age of onset is related to the size of a pedigree and the occurrence of gastric cancer, we adjusted age of onset as a continuous variable. All computations were performed by using the SAS software package version 8.2 (SAS Institute, Cary, NC, USA).
Results
About 10% (113/1118) of carcinomas were diagnosed as type 4, and with the percentages in male and female probands being 8% (62/783) and 15% (51/335), respectively. Table 1 shows the age distribution and histological pattern of the probands. Female probands were younger than males, and both males and females with type 4 gastric cancer were younger than those with other types. Although there were many more males than females with gastric cancer on the whole, female patients outnumbered males at age 39 and below. Type 4 carcinoma tended to be more frequent than other types among male patients in their thirties and forties, Values in parentheses are percentages unless otherwise specified a Values in parentheses for mean age are standard errors of the mean and in female patients in their forties and fifties. About 90% of type 4 carcinomas were diffuse type, and females with other types of carcinomas had a higher frequency of diffuse type than males.
The relationship between type 4 gastric cancer and family history of gastric cancer is summarized in Table 2 . The odds ratio of having type 4 gastric cancer compared with other types was significantly increased among probands with a family history of gastric cancer. Although statistically nonsignificant, higher odds ratios were observed the more family members were affected. A similar result remained when the probands were divided into a male group and a female group. Table 3 gives the details of family history and risk of type 4 gastric cancer. Overall, patients with a maternal history of gastric cancer had a statistically significantly elevated risk of type 4 carcinoma. However, such a relationship existed only in female probands and their mothers, but not in male probands. As for male probands, an increased age-adjusted odds ratio for type 4 carcinoma was noted when they had siblings affected with gastric cancer. Paternal history showed no impact on the risk of type 4 carcinoma.
No excess odds ratios for type 4 were observed where there was a family history of other cancers (Table  4) . Table 5 indicates the odds ratios for type 4 gastric cancer according to the cancer status of spouses. Risks of type 4 gastric cancer were significantly increased among probands whose spouses had a history of cancers. However, with regard to the histories of gastric cancer and other cancers, respectively, the former showed a significantly elevated odds ratio, while the latter indicated little change from unity. Among probands whose wives had a history of gastric cancer, the risks of type 4 carcinoma were remarkably increased, to as high as 12.9. On the other hand, husbands' histories had no relationship to wives' type 4 carcinoma. Adjustment for age made the risk even higher.
Discussion
A positive family history is regarded as one of the risk factors for gastric cancer and is considered to increase the risk by about two times when compared with the risk of a negative family history [6] [7] [8] [9] [10] [11] . However, no previous study that investigated the relationship between family history and the severity of gastric cancer was reported. The present study found that a family history of gastric cancer was progressively positively related to type 4 carcinoma compared with other types. Even though no distinction was made between the genetic and nongenetic factors (environmental or infec- The data for 60 probands without marriage history or with incomplete information on marriage status were deleted tious) shared by family members to explain the positive relationship of family history and type 4 carcinoma, the findings of the present study may help us to differentiate the effects of the two factors indirectly. Given that there is no difference in the genetic influence of the father and mother on their children, the lower risk for type 4 carcinoma in children with a paternal history of gastric cancer, together with a lower risk for sons with a maternal history found in the study suggests that the positive relationship between family history and risk of type 4 gastric cancer is hard to explain in terms of heritable factors. A large-scale twin study in Europe has indicated that genetic factors make a minor contribution to susceptibility to most types of neoplasms, including gastric cancer, and that environmental factors play a principal role [21] . Furthermore, studies that examined genetic factors have noted that the well-discussed DNA mismatch repair, p53, and E-cadherin genes do not significantly contribute to family clustering of gastric cancer [13, 22] . The present study revealed that there may be no more genetic influence for type 4 gastric cancer than for other types of gastric cancer. A previous Japanese study had reported a sixfold excess risk of gastric cancer for females with a maternal history of gastric cancer [23] , and the present study found a fourfold risk of type 4 carcinoma versus other types of carcinomas for females with a maternal history. The most reasonable explanation for the high risk of gastric cancer, especially of type 4 carcinoma, in the female patients with a maternal history of gastric cancer may lie in the intimate relationship between mother and daughter, which leads to similar lifestyles, with daughters being likely to keep the lifestyles learned from their mothers lifelong, while sons' lifestyles, especially dietary habits, are changed after marriage. The importance of dietary factors and other lifestyle factors in the occurrence of gastric cancer is already well documented by previous studies on immigration which showed a remarkable decline in the incidence and mortality of gastric cancer among Japanese immigrants to Hawaii [24] [25] [26] , and many other epidemiological studies have also demonstrated the importance of dietary factors [27] [28] [29] [30] . Furthermore, a Japanese study that systematically compared chronological trends in the intake of several foods/nutriments and the time trends for ageadjusted death rates of stomach cancer noted that marked changes in dietary factors during the period 1960 to 1985 have contributed to the decrease in the death rate of stomach cancer [31] . Long term accumulation of carcinogens derived from the everyday diet may be more apparent in families with a maternal history of gastric cancer than in those without, and, thus, this could have led to such severe gastric cancer as type 4 in females with a maternal history. However, there is a possibility, even though it is a slight one that cannot be eliminated completely, that genetic factors which determine susceptibility to type 4 carcinoma may be related to female sex hormonal circumstances. A previous study noted that the development and growth of gastric cancer in young women might be influenced by their natural, biological, and hormonal circumstances [32] . Another study summarized that female sex hormones or their analogues play a suppressive role in carcinogenesis or the progression of stomach cancer, and noted that pregnancy and delivery may accelerate the growth of stomach cancer [33] . Therefore, even though it seems unlikely, daughters with mothers affected by gastric cancer may be more susceptible to type 4 carcinoma.
Males and females are considered to give equally reliable responses regarding their spouses' cancer history [19] . Therefore, the unexpected findings about spousal history in the present study should not be attributed to recall bias. The very strong relationship between wives' histories of gastric cancer and husbands' type 4 carcinoma provides a further argument for the strong effect of environmental factors, especially dietary habits; this finding further decreases the possibility of the influence of female sex hormonal circumstances on type 4 carcinoma. In Japan, women usually stay at home after marriage, and wives prepare the food in almost all households, and they also do most of the other housework. Thus, wives have a great influence on husbands' lifestyles, including their dietary habits. The mean age of our 12 probands who had affected spouses was 70 years (range, 58 to 90 years). The duration between the time the probands presented to the hospital and the onset of gastric cancer in their spouses ranged from 2 to 30 years (average, 13 years). Assuming they married at 26 [34] , the average length of their marriage until the spouses of the probands presented with gastric cancer was about 30 years. An immigrant study in Hawaii showed that the effect of diet on the risk of gastric cancer occurred in early life [35] , which may cast doubt on the effects of diet among married couples. However, the evidence is not sufficient to clarify whether the lower risks of gastric cancer among those who migrated to Hawaii at an early age than those in adults were due to higher susceptibility to dietary factors in childhood than in adulthood or whether they were due to the correspondingly shorter period of exposure to a Japanese diet. If the latter is true, the long-term accumulation of carcinogens shared in the home may explain the correspondence of severe gastric cancer in husbands having affected wives. However, whether a particular diet is related to type 4 carcinoma in particular or whether a longer exposure time and/or larger exposure amount are determining factors for type 4 carcinoma rather for than other types of carcinoma remains unknown. Several studies have demonstrated a correspondence between husbands and wives in cancer history, including gastric cancer [15, 16] . But only the present study has elicited the difference between males and females in response to their spouses' cancer history. Such a difference may suggest possible shared risk factors in the household for married couples and unshared risk factors for working husbands outside the home.
The lack of association between the risk for type 4 carcinoma and a family history of other cancers in the present study, which is in agreement with a previous study that showed no relationship between gastric cancer and a family history of other cancers [5] , implies that some risk factors may specifically contribute to type 4 gastric cancer, as well as other types of gastric cancer, but not contribute to other tumors.
Besides dietary factors, infection by the Helicobacter pylori bacterium has been identified as an important risk factor for gastric cancer, especially early-stage carcinoma [36] [37] [38] [39] . There is evidence that H. pylori induces precancerous changes, such as gastric atrophy and hypochlorhydria, in first-degree relatives of gastric cancer patients significantly more frequently than in individuals without a positive family history [40, 41] . Furthermore, two recent studies reported that infection with H. pylori combined with a positive family history appeared to be a strong independent risk factor for gastric carcinoma [42, 43] . However, whether H. pylori is related to such advanced carcinoma as type 4 remains unclear. It is known that there is no difference in infection rates of H. pylori between males and females, which means that the risk of infection for males should be the same as that of females if a person has an H. pylori-positive spouse or mother. Thus, the differences in the acquiring of type 4 carcinoma between males and females in response to their spouses' or maternal histories of gastric cancer found in the present study are difficult to explain by the contribution of this bacterium. However, early life acquisition of H. pylori is associated with a higher risk of developing gastric cancer than infection by H. pylori in adulthood [44] ; different substrains of H. pylori may cause different degrees of malignancy [45] ; and individuals differ in their susceptibility to the bacterium [46] . Whether the bacterium is positively related to type 4 carcinoma compared with other types of carcinomas merits further study.
The present study found that family history, especially maternal history, as well as a wife's history of gastric cancer, is positively associated with Borrmann type 4 gastric cancer. Environmental factors have a critical effect in causing this type of carcinoma. Genetic effects, if they exist, must be minor. Considering the low 5-year survival rate for type 4 gastric cancer in comparison with that for other types of gastric cancer (the 5-year survival rate of type 4 gastric cancer during the period 1989 to 1992 at the National Cancer Center Hospital was less than 12%, compared with about 70% for other types), and the small improvement in the prognosis of type 4 carcinoma observed in the past decade as well (data not shown), prevention, detection, and medical treatment at an early stage are crucial. The result of our study may be valuable for identifying subjects at high risk of such malignant gastric cancer as Borrmann type 4.
The present study stratified the risks by sex of the proband and type of relative (mother, father, or sibling) or spouse (husband or wife); inevitably, this leads to small case numbers in each analytical cell, and thus odds ratios had wide 95% confidence intervals. Therefore, the observed variation in risk might be due to the play of chance on small numbers. Further investigation with a larger sample size is needed to confirm the findings of the present study.
